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Abstract Thischapterpresentstheresultsof stud-
ies on a productionsystemcalJedDrylandEco-
Farm(DEF) thataddressesa rangeof constraintso
agriculturalproductivityin drylandAfrica.It com-
binestheuseof live hedgesandalJeysof Acacia
colei,"demi-Iunes"inwhichareplantedomesticated
Ziziphusmauritiania.Annualcropslikepearlmillet
(Pellllisetumglaucu111(L.) R.Br.),cowpeasandroselle
(Hibiscusabdariffa)areplantedinrotation.Thistrial
teststheeffectofthesystemon(1)soilerosioncontrol,
soilfertilityandwateruseefficiency,(2)cropyieldand
biomassproduction,and(3)improvingincomegener-
ationanddiversification.Averagepearlmilletyieldsin
theDEF weretwicethecontrol(880vs.430kgha-I)
when omineralfertilizerwasapplied.Withtheappli-
cationofNPK, milletyieldswerealmostsimilarunder
bothconditions(950vs.780kgha-I).Cowpeayields
wereonaverageseventimeshigherthanthecontrol
withoutNPK (1,400vs.200kg ha-I totalbiomass)
andthreetimeswithNPK (1,850vs.650kgha-Jtotal
biomass).RoselJeyieldincreasedfourtimesonaver-
agewithoutNPK (205vs.60kgha-Icalicesyield)and
twotimeswithNPK (234vs.114kgha-I).Therefore,
thesystemhasthepotentialtoproduceyieldresponse
similartothatof therecommendedrateof 100kgof
the15-15-15fertilizerperha.Thereturntolandisesti-
matedatUS$224fortheDEFcomparedtoUS$77for
thetraditionalmillet-cowpeasystem.Thissystemhas
thepotentialto improveproductivityandruralliveli-
hoodin thedrylandsof Africawhilesustainingthe
naturalresourcesbase.
- D. Fatondji(121)InternationalCrops ResearchInstitutefor theSemi-Arid
Tropics(ICRISAT) SahelianCenter,Niamey, Niger
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Introduction
The drylandof Africa is thehometo thepoorest
of theworld,whereabout90%of thepopulation
live in ruralareasandsustaintheirlivelihoodfrom
subsistenceagriculture(BationoetaI.,2003).In this
zoneof Africa,lowanden-aticrainfalJ,itspoordis-
tributionwithinthegrowingperiod,prolongedry
spells,whichusuallyoccurduringtheseason,andthe
lackof adequatewatersupplydueto soilphysical
degradation(soilcrusting)andnutlientshortageoften
adverselyaffectcropgrowthandyields(Zoug'tnore,
2003).Indeed,only2%of thearablelandsareirri-
gated,whichmeansthatrain-fedagricultureis the
mainsourceof foodfortheincreasingpopulationsin
thatzone(ParretaI.,1990).
Soil erosion(windandwater),low soil fertility
(miningagriculture),low income(viciouscircleof
low cropyields),low wateruseefficiency,insuffi-
cientsupplyof animalfeed(lowbiomassproduc-
tionandpoorpasture)andpoordistributionof the
labourforce(farmersare busyonly 4 monthsof
theyear)aresomeof theconstraintso agricultural
productionin Africaandparticularlyin thedryland
zone.Researchworkconductedby theInternational
CropsResearchInstitutefor theSemi-AridTropics
(lCRISAT),theInternationalFertilizerDevelopment
Centre(IFDC),theInternationalInstituteforTropical
Agriculture(UTA)andnationalresearchinstitutions
has led to the developmentof technologiesthat
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have proven to be efficientin addressingthesecon-
straints individually. But further work in the dryland
has shown that to address these constraints a multi-
component and multi-disciplinary researchis required
to increasethe productivity of thearable land (Mando,
1997). The Dryland Eco-Farm (DEF) is an inno-
vation that was recently developed at the ICRISAT
Sahelian Center (ISC) in Niger in collaborationwith
the National Agricultural Researchand Extension
Services(NARES) partners.The DEF combinesthe
useof livehedgesof Acaciacolei, earth bunds that turn
into micro-catchmentsor "demi-Iunes",high-value
treessuch as thedomesticatedZiziphusmauritiania
plantedinside the "demi-Iunes",and annualcrops,
eachplantedin halfora thirdof thefield in rotation
eachyear.
Thepurposeof theexperimentwas to testtheeffect
of theDEF systemon (I) soil erosioncontrol,soil
fertilityand wateruseefficiency,(2) plantbiomass
production,(3) incomegenerationanddiversification
and(4) labourproductivitycomparedtothetraditional
millet-cowpeasystem.
Materials and Methods
TheExperimentalSite
This experimentwas conductedat the ICRISAT
researchstationat Sadore located at 13° 15' N,
2° 17'E, approximately40kmsouthwestof thecapi-
talcityNiamey.Thelong-termaverageannualrainfall
at this site is 550 mm.The meanmonthlytempera-
turevariesbetween25 and41°C (Sivakumar,1993).
ThesoilsareclassifiedasPsammenticPaleustalf(West
etaI., 1984).The experimentstartedin 2002ona soil
thatwasleftfallowfor 10years,but theevaluationof
theyieldoftheannualcrops tartedin therainyseason
in2004whentheperennialswereprunedforthefirst
timeattheendof thedryseason.
ExperimentalLayout
Theexperimenttestedthefollowingtreatments:land
management- DEFvs.no-DEF(alsocalledtraditional
systemor control);croppingsystem- rotationvs.
""'"- - --"-- ...
continuouscropping;mineralfertilizermanagement_
+NPKvs.-NPK; organicamendmentmanagement_
+mulchvs.-mulch.OnehectareDEFwassurrounded
by a livehedgemadeoutof Australianacaciasplanted
at 2-m intervals.Two rowsof Acaciacoleiwere
plantedowntheslopefromthehedgeata spacing
of lOx 5 m.Thesetworowswerefollowedbyarow
ofthedomesticatedZiziphusmauritianacalledPomme
duSahel(PdS)plantedat lOx 5 mspacing.Pomme
duSahelwasplantedinside3 x 3mmicro-catchments
(demi-Iunes)joinedby earthbandsthatdivertedthe
runoffwaterintothedemi-Iunes.Thisconfigurationof
twoAcaciarowsfollowedbyaPdSrowwasrepeated
threetimesintheI hectare(100x 100m)field.Each
of thesebandswasplantedwithannualcrops.The
annualcropswerepearlmillet- varietyComposite
Inter-VarietaldeTarna(CIVT);cowpea(Vigna ungicu-
lata) (L.) Walp- varietyEcoh-Mali; roselie (Hibiscus
sabdariffa) - variety Wankoy.
In theno-DEF,threebandswerealsoconsideredbut
without treecomponentsandrotation.In bothDEF and
no-DEF,treatmentswerelaidin a randomizedcom-
pleteblockdesign(RCBD)in fourreplications.DEF
andno-DEFtreatmentswerelaidin twoseparatebut
adjacentfields.ThefertilizerNPK wasappliedatthe
rateof 100kgha-1, therecommendedrateof theSahel.
The plotsizewas24 x 5.75m.
The timetableof theculturalpracticesfor both
annualandperennialcropsaregivenin Table I. The
treesareprunedeveryyearalmostat thesametime.
The annualcropswereplantedwiththefirstsignificant
rain.Theywerekeptfreeof weedswitha traditional
hoecalledhilaireandharvestedatmaturity.
DataCollectionand Analysis
Characterization of Soil Chemical
Properties
Initial soil samplingwas done in the fieldprior
to installing the experimentusing a stratifiedran-
domsamplingmethod.For chemicalanalyses(C, N,
P, pH, totalN), three\.:Oreswere sampled,0-15,
15-30and 30-60 cm. The presentchapterwill
presentthe first core,wheremostof thechangein
soil chemicalpropertiesis expected(Geiger et aI.,
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1992).Soil organiccarboncontentwas determined
by the Walkley-Black(1934) method;availableP
wasdeterminedusingtheBrayPI method(Brayand
Kurtz, 1945);totalnitrogenwasdeterminedusingthe
Kjeldahlmethod(BremnerandMulvaney.1982);and
soil pH was determinedin a I :2.5 suspensionwith
water.At theendof 2004,asecondsetof soil samples
wascollectedto studytheeffectof thetreatmentson
thesoil characteristics.Thesesampleswereanalysed
for N, P andpH. To studythechangesin thelevelsof
theseelementsoverthefirst3 yearsof experimenta-
tion,sampleswerealsocollectedin 2006,butarenot
reportedin thepresentchapterbecausethesearenot
yetanalysed.
YieldData
To studytheperformanceof thevariousannualcrops,
yield datawerecollectedat harvestingin a plot of
138m2.The strawand millet headsweresun-dried
and weighedto determinedry weight.The headsof
milletwerethreshedtodeterminethegrainweightper
plot which wasextrapolatedto kg ha-1.The podsof
cowpeawerecollectedthreetimesduringtheseason,
sun-dried,weighedon plot basisand threshed.The
haulm was harvestedat the end and weighed.The
final yield was determinedin the sameway as for
millet. The calicesof Hibiscusare usedto produce
drinksandthegrainsareusedby womentomakelocal
ingredientscalled"sumballa"for sauce.In additionto
theseproducts,thefallenleavesandthestalkserveas
organicamendmentstoreplenishsoil fertility.Calices
yield wasdeterminedin thefollowingway:thewhole
fruit was collectedto a working area.The calices
wereseparatedfromtherestof thefruit andbothof
themweresun-dried.Calicesdryweightwasrecorded
on a plot basisand extrapolatedto yields per ha.
Thereafter,thefruitswerethreshedto getthegrains,
whoseweightwasobtainedon a plot basisandthen
extrapolatedto ha. This chapterwill focuson grain
yield of millet,totalbiomassof cowpeaandcalices
yield of Hibiscusover3 years.The otherdatawill be
reportedin anotherpaper.
The datawereanalysedfor Analysisof Variance
(ANOVA) usingtheGenstatv9statisticalpackage.In
theprocessof statisticalanalysis,theDEF andno-DEF
treatmentswereconsideredasnestedblocksandthere
wascombinedanalysisforall the3 years.
Analysisof Contributionby Trees
On theperennials.firewoodandtotalmulchproduction
datawerecollectedon theAcacia treesafterprun-
ing. Pommedu Sahel(improvedZiziphus)fruitswere
harvestedin December-January.Only meanvaluesof
thedataof theperennialsarepresentedin thepresent
chapter.Investment,labourandproductioncostswere
recordedandservedasabasisof economicanalysisof
thesystem.Dataon soil erosionaswell aswateruse
efficiencywill beasubjectof anotherpaper.
EconomicAssessment
An enterprisebudgetcombinedwithan investment
analysiswasusedtoanalysetheeconomicparameters
of theDEE Potentialyieldsandbiomassproduction
of thetreeshadtobeestimatedsincetheyhavenever
beenplantedunderexistingclimaticconditions.The
lifetimeof thePdSisthebasisfortheeconomiccalcu-
lationperiod.assumed50years.Revenuesweregen-
eratedfromtheannuals(milletandcowpeagrainsand
stoverorhaulm)andthetrees(mainlyPdS(improved
Ziziphus)fruitsandAcaciafirewood).Expenditures
includedannualcostsandfixedcosts"Annualcosts
includeseedandseedlingcosts,andorganicandinor-
ganicfertilizers,pesticidesandlabourcosts.Labour
costsincludedall activitiesfromlandpreparationto
harvesting.Fixedcostsaremainlydepreciationon
assetsuchasPdSandAcaciacoleitreesandsome
agriculturalequipment.Theeconomicalanalysisof
theDEF wascomparedtoatraditionalmillet-cowpea
productionsystemunderaverageconditionsin Niger
basedonexpertopinions.Croppriceswerethosecol-
lectedbytheSystemesd'InformationsurlesMarches
Agricoles(SIMA) of Niger.Inputpricesweregath-
eredfromtheCentrald'Approvisionnement(CA) of
Niamey.Wagewasproxiedby theopportunitycost
of labourin ruralareas.Dataonfruittreesandwood
.wereestimatedandweightedusingcomparableprod-
uctsinNiamey'smarket.Itwasassumedthat100%of
productionwassold.
-
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Rainfall Distribution
The cumulative rainfall was similar for the3 yearswith
a total of 562 mm in 2004,527mmin 2005and545in
2006.These values are comrarable with the long-term
averageof 550 mm for Sadore. However, rain distribu-
tion varied widely betweenyears. In 2004, rain started
in April and continued until theend of June with short
dry spells of about 10 days. Another short dry spell
of I week occurred at the end of August. In 2005, the
rain started at the end of May with a long dry spell
of 3 weeks from 9 to 29 June. Another dry spell of
10 days occurred in the third week of July. In 2006,
the rain started in mid-June with a cumulative rain of
18 mm from 8 June to 6 July which delayed planting
during this year. Since millet and cowpeas are short-
day species, any delay in planting (as was the case in
2006)negatively affected yields. The effect of water
shortage on millet yield was recorded by Kanitkar
(/944).PhilipsandNorman(1967)reportedthatmillet
grain yield is adversely affected if rain ceasesduring
the reproductive stage even though the total amount
of water received during the cropping season may be
adequate(Jensen et a!., 1990).
Soil Characteristics
Asrep0l1edarlier,theexperimentwasconductedin
a field thatwas underfallow for 10 years.Prior to
planting,theP-Bray N° I in thetop ]5 cm soil layer
was20 mg/kgof dry soil, totalN was236mg/kgand
organiccarbonwas2.9%(Tab]e2).This fertility]evel
wasbetterthantheleveltypicalto theregion(P-Bray
N° I = 2.1mg/kg,Org-C 1.7%)reportedinSinajet a!.
(200I). Fromtheanalysisof thesamplescollectedin
October2004after3 yearsof cropping,BrayN° I P
aswellastotalN leveldecreasedin boththeDEF and
thetraditional system.However. thedecreasewas more
pronounced in thecontrol (Table:I). Thus theDEF sys-
tem maintains a higher level of soil fertility than the
traditional system.
Effectof DrylandEco-Farmon Yield
of Annual Crops
EffectonMilletGrainYield
Average millet grain yield over 3 years in theDEF was
about 1,000kg ha-I (Fig. Ia), which is three times
the averagegrain yield in Niger (Bationo et a!., 2003).
Grain yields in theDEF were 2-3 times higher than in
the traditional system independentof theyear and the
application of mulch or NPK (Table4). The application
of Acacia mulch did not affect grain yield production.
This could bedue to slow decomposition of theapplied
mulch. In a separatestudy (unpublished) at Sadore
researchstation, it was observed thatafter I year,only
50% of theAcacia mulch was decomposedeven in the
presenceof termites. Application of NPK in the DEF
increased grain yield s]ightly but this was not statisti-
cally significant. In most of the years, grain yield in
the DEF without NPK was similar or higher than that
in the traditional system with NPK application, which
leads to a preliminary conclusion that DEF without
fel1ilizerscan produce as much yield as that obtained
with the recommendedrateof NPK application for the
region.
Effecton Cowpea TotalBiomassYield
Cowpea fodder is an importantproductboth as a
livestockfeed and for incomegeneration.Over the
:I years of experimentation,averagecowpea total
biomassyield of 2,000kg ha-I wasproducedin the
DEF which is far abovethe yield in fanners'field
-...-
~ -- - .....--.-----
Table2 Chemicalstatusof
Depth pH BrayPI TotalN OrganicC Sand Claytheexperimentalsoi1before
(em) (H2O) (mg-P/kg) (mg-N/kg) (%) (%) (%)layoutin2002
20.2 236 0.29 93.9 6.115 5.2
126 0.15 93.2 6.9 -30 5.0 9.9-
87 0.10 92.5 7.660 4.9 2.6
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Table3 Chemical statusof the experimentalsoil after three
seasons in 2004
(Fig. Ib). Biomassyield in all yearsin theDEF was
2-3 timeshigherthanin thecontrol,regardlessof the
year(Table4).
On average,mulchapplicationdid notaffecttotal
biomassproduction.NPK applicationincreasedtotal
biomassproduction,particularlyin thecontrol.In the
absenceof NPK in theDEF aswellasin thetraditional
system,mulchapplicationdepressedbiomassproduc-
tion whereaswith the applicationof NPK, a 25%
yield increasewas obtainedwhich was statistically
significant.
EffectonHibiscusCalicesYield
Averagecalicesyieldof250kgha-Iwasproducedin
theDEF, whichis farbeyondI IO kgha-I reported
by RobertS. McCalebin MarketSurvey:Hibiscus
sabdariffa;http://www.herbs.org/africa/hibiscus.htmI.
b. Cow pea Sed(:!:)= 184.2
- NPK I +NPK
- mulch I +mulch
rJ SEF 0 Tradi_sy'~
-
Fig. 1 Effect of thedryland cco-farm systemon millet grain, cowpea total biomassand roselie calices yield: meanover J years
2004-2006: Sadorc ICRISAT ResearchStation.Sed is standarderror of differencebetweenmeans.Tradi_sys = traditionalsystem
-- '81:'__..
Depth(em) pH BrayPI TotalN
Thedrylandeco-farm
15 5.1 18.7 175
30 4.8 12.5 93
60 4.7 4.7 67
Traditionalsystem(no-DEF)
15 5.3 10.2 122
30 4.9 6.3 81
60 4.7 3.9 69
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Improved Ziziphusmauritiana(PdS)Table 4 Ratio of DEF [0 traditional systcm in termsof annual
crops for 3 ycarsof cropping
-Mukh +Mukh
This yield levelwassignificantlyhigherthanthecon-
trol (50-100 kg ha-I) (Fig. Ic). Mulch and NPK
applicationdidnotsignificantlyaffectcalicesandgrain
productionin theDEF butapplicationof NPK signif-
icantly increasedyields as comparedto thecontrol.
Calicesyield was2-16 timeshigherin theDEF com-
paredto thetraditionalsystem,regardlessof mulchor
NPK application(Table4).
Effectof Dryland Eco-Farmon Yield of Trees
(Acaciaspp.)
Thepurposeof plantingtheAcaciatreeswastopro-
ducefirewoodfor energyandmulchtoimprovesoil
fertility.protecthesoilagainsterosionandproduce
seedwhichcanbeusedassourceofproteinforpoultry.
In theperiod2004-2006,firewoodproductionfrom
Acaciatreeswas2 t ha-I andmulchproductionwas
about2.5tha-I(Table5).
Table5 AcaciufirewoodandZiziphusfruitproductionin the
DEF
PommeduSahelis thesecondperennialcomponentof
thesystemprovidingbothfoodandincome.In 2006,
thetreeswere4 yearsold andproduced417kgof fruit
ha-I (Table5). Fruit yieldsarelikely to doubleover
thecomingyearssincethetreeshadnotreachedfull
maturity.
EconomicalAnalysis
The resultsof theinvestmentanalysisof milletand
cowpeagrownin theDEF arepresentedin Table6.
The setupcostsof US $248aremainlycomprised
of thetrees,toolsandlabour.Fruitof thefull-grown
PommeduSahelbringsthemostincome(average228
US $/year)followedbythepearlmilletgrains.Annual
costsarearound240US$/yearincludinglabourcosts
at2 US$/day(Table6).Theresultsindicatethatwith
a loanwithlessthan41% astheinterestrate,it is
advisabletoinvestintheDEFwithmilletandcowpea.
Creditschemescanhelpbuildconfidenceinthemoney
marketbymakinginvestingin theDEF lessriskyfor
thefarmers.
The investmentin thetraditionalsystemconsists
mainlyof sometoolsandis solow(US $14)thatit
is notpossibletocomparetheInternalRateofReturn
(lRR) andNetPresentValue(NPV) withtheinvest-
mentneededfor I hectareof DEE Thebenefit-cost
ratiosandreturntolabourandlandcanbecompared.
FromTable7 it canbeseenthatthebenefit-costratio
is notmuchhigherfor theDEF; however,eturnto
labourandcapitalismuchhigherthaninthetraditional
system.
Table 6 Set-upcostsandNetPresentValue(NPV) withdif-
ferentdiscountratesfor milletandcowpeafrom I hectare
of DEF
DEF
millet+cowpea
-.. -- .....- ---
Ycar -NPK +NPK -NPK +NPK
Millel J.:mil/yield
2004 2.4 1.5 1.9 1.4
2005 2.5 1.\ 1.7 1.0
2006 4.1 U 3.3 2.6
Cowl'euIOwlhi/I/1I11S.I'yield
2004 6.5 2.0 6.4 2.2
2005 10.0 4.3 10.4 6.5
2006 4.1 1.5 4.4 2.2
Hibiscuscalicesyield
2004 2.9 2.4 3.2 2.5
2005 6.4 1.9 2.6 1.5
2006 16.0 14.3 136 5.3
Acaciasp. Set-upcosts (US$/ha) $248
Year 2004 2006 IRR (SOyears) 41%-
Firewood 1.787 2,137 NPV atdiscountrate(50years) 10% $1,673
-
..I
Mulch 2.575 2.693 20% $462
ImprovedZiziphus
30% $133
Year 2005 2006
40% $5
Fruit 24\ 417
50% -$54
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Table7 Comparinggrowingmilletandcowpeatraditionally
andin theDEF
Traditional DEF
1.93
$3.35
$275
Benefit/costratio
Return to labour peryear
Returnto capital per year
Traditional =no-DEF
1.71
$1.63
$94
$270
[J PDS
DfI??........................................................................................................................I.............................................................................................................
h . . . . . . . .. . . ,................................................ ,........................................................................
I::;:;:;:;:;:;:;:;:;:;:::;........................
$93 EJannuals+
acacia
E'Iannuals
DEF Traditional
Fig. 2 Averageannualprofitperha,contributionsfromPDS
andannualsandacaciasseparatedin theSEF. Traditional=
no-DEF
In Fig. 2, thecontributionsto theaverageannual
profitof thePdSareseparatedfromtheacaciasand
annuals.It canbeseenthattheincorporationof the
PdS in theproductionsystemsignificantlyincreases
thetotalprofit.Besidesthat,higheryieldsoftheannu-
alsintheDEFtranslatedirectlyintohigherprofitfrom
cultivatingmilletandcowpea.
Conclusions
TheDrylandEco-Farmis anintegratedtrees-crops-
livestocksystemunderdevelopment.So fartheper-
formanceof thissystemis outstandingin compari-
sonwiththetraditionalrain-fedproductionsystem.
Theincorporationf theAustralianacaciasresultsin
improvedsoilfertilityandinacorrespondingincrease
inyield.Theincorporationf adrought-tolerantfruit
treespeciesignificantlyincreasestheprotitabilityof
thesystem.A systemthatis basedontreesneedsto
betestedovera periodof at least10yearsbeforecon-
creteconclusionscanbedrawn.It shouldalsobetested
in farmer'sfieldsto identifyconstraintsfor adoption.
Thereforethereis a needfor furtherstudyanddevel-
opmentof thesystembeforeit canbe recommended
for massdissemination.All criteriausedto evaluate
the economicviability of the DEF in the Sudano-
Sahelianzonesuggesthatit is worthwhileinvestment
asan alternativeto thetraditionalmilletcowpeapro-
ductionsystem.This canbe mainlyattributedto the
consistentfruitandfirewoodproductionof thePdS,the
mostdominantincome-generatingelementof theDEE
From theanalysisit wasclearthataccessesto credit
for investmentandmarketsthatcanabsorbtheproduct
arevery importantprovisionsfor viableinvestments.
Institutionalfinancingwith fair interestratesandlong
repaymentperiodscanplaya majorrole in facilitat-
ing privatefarminvestmentsin moreintensiverain-fed
productionsystemsin theregion.Socialbenefitsfrom
decreasederosion,waterharvesting,forageproduction
or lesswoodloggingwerenottakenintoaccountin the
economicanalysis.
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